Background: Modifi ed back saver sit-and-reach test (MBSSRT) has more advantages over Back saver sit-and-reach test (BSSRT) in measuring hamstring fl exibility among middle school children and adolescents. However, whether MBSSRT can be used instead of the other among the primary school going children is not yet clear. Objective: To estimate the association between BSSRT and MBSSRT for measuring hamstring fl exibility. Procedure: One hundred and forty-one healthy children (5-12 years) were selected from the primary school identifi ed by the cluster sampling method for this cross-sectional study. The subjects were asked to perform three trials of BSSRT and MBSSRT (both leg) in randomized order. Average was used for data analysis. The association between the two tests was established by Spearman Rank Correlation test. Results: The correlation between BSSRT and MBSSRT for right lower limb ranged from 0.43 to 0.77 with mean correlation of ρ = 0.66 (P < 0.01) and for left lower limb ranged from 0.46 to 0.78 with mean correlation of ρ = 0.68 (P < 0.01). Conclusion: MBSSRT can be used alternatively instead of BSSRT to measure hamstring fl exibility among the primary school children.
fitness is one of the reasons for the increase in childhood obesity in the last two decades. [2] Through standardized physical educational program, physical fitness of the children is regulated. Physical fitness testing is routine component of physical education classes in primary and secondary school. [4] The goals of the physical fitness-testing program are to provide continual monitoring of students fitness levels in targeted grades, to identify a student's weakness and strength so that areas in need of improvement can be seen, and to develop individualized programs. [5] One area routinely focused in most fitness tests is flexibility. Adequate flexibility is an important characteristic of physical
Introduction
Physical fitness plays an important role in maintaining a good health. [1] [2] [3] Epidemiologists say that lack of physical
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and health related fitness. Flexibility is described as the ability to move a joint through its complete range of motion. It is the extensibility of muscles as well as the non-contractile tissues such as joint capsule, ligaments, and tendons. [6] Importance of flexibility as a component of health-related fitness is related to prevention of orthopedic impairments later in life, especially lower back pain. [7] Inflexible muscle can make the musculotendinous unit susceptible to injury and can also lead to some pathological conditions at the joint on which it acts. [2, 7] Flexible muscles permit proper pelvic rotation, decrease disc compression, and avoid excessive stretch of musculatures. [8] In flexibility screening field tests, the most commonly used measure is the sit-and-reach test (SRT). [9, 10] Several forms of SRT are commonly used to evaluate the hamstring and lower back flexibility. [11] Patterson et al. [12] indicated that the Back saver sit-and-reach test (BSSR) test was moderately related to hamstring flexibility test in middle school girls and boys, but Taher et al. [13] recommended the use of Modified back saver sit-and-reach test (MBSSR) to measure hamstring flexibility. Recently Pooja et al. [14] conducted a study regarding the comparison of BSSR test to MBSSR test for measurement of hamstring flexibility in female university students. She concluded that BSSR test was highly related to hamstring flexibility. As there is a lack of knowledge in primary school children regarding hamstring flexibility and as flexibility varies with the age, this study aimed to reveal whether both BSSRT and MBSSRT can be used alternatively in estimating hamstring flexibility among primary school children.
Procedure
The sample was recruited from the recognized primary school. The school was identified randomly by the cluster sampling technique. The study was conducted according to the ethical guidelines of the Helsinki Declaration (Revised 2008). University research committee and institutional ethics committee approved the study protocol (ACP/ OP/2013/OL07). Pilot study was conducted to foresee procedural difficulty and for the sample size estimation and thus sample size was estimated to be 141 with power of the study 80 percent and type I error not more than 5% (P < 0.05). Children who had any recent musculoskeletal injuries such as fractures, dislocations, joint instability or any soft tissue injuries, recent surgeries in low back and lower limbs in past 6 months, congenital deformity of lower limb, and limb length discrepancy were excluded from the cross-sectional study. Children aged 5-12 years were selected by simple random sampling. A prior informed consent was obtained from the school authorities as well as from all parents and participants. They were ensured that confidentiality of the data would be maintained. We took 6 days to collect the data of 141 students during timings of 2-4 p.m. each day.
Participants were asked to remove their shoes, prior to all testing. Anthropometric measurement such as weight and height of the students were measured. Participants were informed to perform warm-up exercises for five minutes. [15] Following the warm-up exercise, the principal investigator demonstrated procedure of each test, then the participants were asked to perform three trials of BSSR (left and right leg) and MBSSR (left and right leg) in randomized order and average of each trials were used for data analysis. The participants were allowed to rest for 5 minutes between each test. All measurements were conducted on the same session. Participants were instructed to exhale as they are bending forward, to avoid rapid forceful movement, and strictly never to stretch to the point of pain. [16] BSSRT The test was administered using a standard sit-and-reach box on which the standard measuring tape was placed. The heel was made to align with the reading of 23 cm in the measuring tape. [17] The participants were asked to assume long sitting position with one leg fully extended so that the sole of the foot was flat against the end of the box. The participants were asked to bend other leg so that the sole of the foot was flat on the floor and 2-3 cm to the side of the straight knee as in Figure 1a . With the extended leg as straight as possible, hands on top of each other (tips of the middle fingers even), and palms down, the participant slowly reached forward sliding the hands along the box scale as far as possible. The score was recorded as the most distant point on the measuring tape contacted by the fingertip from Figure 1b. Participants were asked to hold this position shortly for two seconds. A qualified physiotherapist recorded the average of the three trials on each leg.
MBSSRT
In this test, the participants performed a single-leg sit-andreach on a wooden bench on which the measuring tape was placed. The untested leg was placed on the floor with knee at approximately 90°. The participant aligned the sole of the foot of the tested leg with the 50-cm mark on the measuring tape. [11] Thereafter, participants were asked to reach forward as far as possible while maintaining the knees, arms, and fingers fully extended, and keeping the two hands on top of each other (tips of the middle fingers even) and palms down as shown in Figure 2 . They were asked to hold this position shortly two seconds. The score was recorded as the most distant point on the bench contacted by the middle fingertip. [13] A qualified physiotherapist recorded the average of the three trials on each leg.
After recording the score of all tests, a comparative analysis was done between BSSRT and MBSSRT to find out if both the tools are same in measuring hamstring flexibility among primary school children.
Data analysis
The participants included for the study were 141. All data was analyzed by using Statistical Package for Social Sciences, version-20 (IBM ® SPSS ® v20). The normality of the collected data was established using Kolmogorov Smirnov Z test, and it was found to be that the data does not follow normal distribution; hence, we used non-parametric test. Descriptive statistics were reported as mean (95% confidence interval, 95% CI) and range. To find out the correlation between the two field tests, the Spearman rank correlation test was used. Significance level, α was set at P < 0.05. Table 1 shows the descriptive statistics in mean (95% CI) and range of the primary school children recruited. Among them, 79 were male and 63 female were recruited. Both males and females were approximately matched in their age, height, and weight. Their significance was displayed in Table 2 . This matching improves the strength of the study.
Results
The correlation scatter block between BBSSRT and MBSSRT were portrayed in Figures 3 and 4 . According to Porteney and Watkins criteria in determining the strength of association between the two independent variables, there exists good degree of direct association between BSSRT and MBSSRT.
Discussion
This study included the primary school children, as the measure of hamstring flexibility was not established in this population. Prior to testing, participants were asked to remove their shoes and belt to avoid any discomfort while measuring their flexibility. As students were having physical education class in afternoon from 2 p.m. to 4 p.m., the test was conducted during the same time to maintain uniformity. Six day were taken for data collection at the above mentioned time, with different grade students, but for each student all tests were conducted on the same day. Before testing, the students were informed to perform warm-up exercise for 5 minutes. No participants were eliminated because of their inability to perform the test. No one was in an incorrect position during the test, and no injuries occurred during testing.
Associations between BSSRT and MBSSRT test have been established in adolescent age group, but not in children. Therefore, this study served the purpose among primary school children. Although the BSSRT and MBSSRT are the most commonly used field measures of hamstring flexibility in current fitness test batteries, Baltaci et al. [16] reported that BSSRT has a disadvantage, i.e., it causes excessive posterior disk compression. Therefore, MBSSRT was proposed as an alternative for assessing hamstring flexibility. Even according to Staylen et al., [11] MBSSRT is more preferable test to measure hamstring flexibility. MBSSRT adopts the position of single leg stretch, which eliminates excessive posterior disk compression of the vertebrae, and requires only a measuring ruler and a 12-inch high bench, which is easily available in most school settings. Moreover, the specific posture when performing the test eliminates the abnormal position and discomforting feeling of the unstretched leg, as in the original BSSRT. The original BSSRT often elicits a discomforting feeling at the hip joint of the bent leg. The other contributing factors are the abnormal joint angle of the hip when the participant reaches forward, and the involvement of the adductor muscle group and the gluteus muscle group of the bent leg, which may limit the forward stretch motion. Therefore, the MBSSR test has been rated as the most comfortable test compared with other tests. This is probably due to the elimination of the adductors and gluteus muscles involvement when the bent leg is hanging down from the bench. The above may contribute to difference in flexibility between the two tests.
According to Portney and Watkins criteria, the results of this study state that there exists a good degree of association (ρ = 0.66, P < 0.01) between right-sided BSSRT and MBSSRT. Similarly, there exists good degree of association (ρ = 0.68, P < 0.01) between left-sided BSSRT and MBSSRT. This supports the findings of Patterson et al. and Taher et al. in estimating hamstring flexibility. Thus, both BSSRT and MBSSRT can be used alternatively. As MBSSRT has more advantages over BSSRT, we suggest the use of MBSSRT in determining hamstring flexibility.
The use of random sampling method, cluster sampling, and matching of age, height, and weight between males and females are the strengths of the study. One limitation of this study is the unavoidable minimal human error during the measurements. This can be overcome by using digital scales. Further, the study can be expanded over other pediatric populations, such as children with cerebral palsy, muscular dystrophy, etc.
The clinical implications of the study are that as one measurement seems to be sufficient to measure hamstring flexibility, MBSSRT is safer, practically feasible, and more comfortable of the two sit-and-reach protocols. Moreover, MBSSRT reduces the strain on the participant's back due to the use of bench for measurement.
Conclusion
There exists a good degree of direct association between BSSRT and MBSSRT. Thus, both can be used alternatively in estimating hamstring flexibility among primary school children. As MBSSRT has more advantages over BSSRT, we suggest the use of MBSSRT for estimating hamstring flexibility.
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